ABSTRACT-This paper reports a novel electrochemical method for the detection of insulin in ultra-pure water. A screen printed electrode (SPE) modified by Nickel hydroxide was used as the working electrode, one with good activity of electro-catalytic oxidation-reduction for insulin. The SPE was modified by Nickel hydroxide using the electrodeposition method. The results showed that Nickel hydroxide was homogeneously electrodeposited on the surface of the working electrode. A coin-size electrolytic tank was fabricated with PDMS, which only requires 0.3ml of sample for the detection. The concentration of insulin was analyzed using the methods of Cyclic voltammetry (CV), Electrochemical impedance spectroscopy (EIS) and Chronoamperometry (i-t). The Nickel hydroxide used for detecting insulin showed good analytical characteristics, such as a high sensitivity of 14.797μA μM -1 , a good linear detection range of 100nM-5μM, and a low detection limit of 93nM. This nickel hydroxide modified SPE electrode has a much smaller size and is easier to fabricate than traditional electrodes, making it a much more promising candidate for an insulin sensor.
I. INTRODUCTION
Diabetes mellitus (DM) is a kind of chronic disease in which the pancreas does not produce sufficient or efficient insulin [1] . Nowadays, it is recognized as the third leading cause of disease-related death around the world, following cancer and cardiovascular disease. As a common clinical indicator, insulin's abnormity can be detected as an effective auspice to diagnose diabetes at an early stage, which is helpful for diabetes prevention [2] . Compared to glucose detection, direct detection of insulin in diabetic patients has the advantages of higher sensitivity and shorter analysis time [3] [4] .
There are a number of universal strategies for insulin determination available today, including enzyme-linked immunosorbent assays [5] , radioimmunoassay [6] , chromatography [7] , high performance liquid chromatography (HPLC) [8] and capillary electrophoresis [9] . Although current detection technologies have yielded good results [10] , there still remain some problems. For example, most of these methods are accomplished by professional operators using expensive instruments; the process is usually very complex [11] . One solution to these problems would be to develop an electrochemical detection method that can offer high sensitivity, ease of operation and low cost.
The oxidizability of insulin makes it easily detectable by using electrochemical methods. The difference between these methods mainly lies in the electrodes used, which, depending on the material and modification method, include carbon nanotube-nickel-cobalt oxide modified screen printed electrode [12] , nickel nanoparticles [13] [14] , silicon carbide nanoparticles [15] , silica gel modified carbon paste electrode [16] , nickel oxide nanoparticles-multiwalled carbon nanotubes [17] , silica nanoparticles-Nafion modified electrode [11] and Nickel nanoparticle-modified electrode [18] . However, fabrication of these electrodes is an expensive and complex undertaking.
Transition metals like Nickel have multiple oxidation states, which makes them suitable for electron transfer [17] . Ni(OH)2/NiOOH exhibit good electrocatalytic effects on insulin, allowing for faster and better electron transfer between reactants and analytes [19] . Several methods have been employed to assemble Ni(OH)2 on the electrode surface. Jia et al. studied a stable ultrathin film of Ni(OH)2 nanoparticles at gas/liquid interface [20] , where graphene was mixed with NiCl2 6H2O solution to obtain a precipitate. Lin et al. proposed a Ni(OH)2-GN/GC electrode synthesized by a one-pot process [21] , in which the MWCNTs COOH slurry was poured onto the surface of a GC electrode containing nickel compound. Martinez et al. prepared a Ni(OH)2 NPs/Nafion-MWCNIS/GC electrode by electrodeposition [19] . These methods are time-consuming, complex, and require massive amounts of solution.
Electrodes prepared by these methods are generally of a large size, which requires using large-size reaction cells and results in reagent wasting.
To address these problems, this work proposes a small-size SPE fabricated by electrodeposited nickel hydroxide, which achieved considerable savings in both the reaction time and reagent volume for insulin detection. We propose an electrochemical insulin detection method that uses a screen printed electrode modified by nickel hydroxide during chronopotentiometry. This electrode shows good electrocatalytic activity, high sensitivity, better stability, and a wide dynamic range, while featuring low costs, ease of fabrication, and fast responses to insulin than traditional method. With all these advantages, this electrode is projected to be a powerful and applicable technique for insulin detection.
II. MATERIALS AND METHOD

A. Materials
The bovine insulin (≥27 UPS units mg -1 ) was purchased from Sigma. The screen printed electrode was purchased from Xenslet studio (China). All the experiments were performed at room temperature. All solutions were prepared with ultra-pure water. All the other chemicals were analytical regents.
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B. Fabrication of the electrolytic cell
In this paper, an electrolytic cell was fabricated using the Polydimethy Siloxane (PDMS) material, an transparent, inexpensive, and easy-to-handle material that is widely used in biology and chemistry [22] . We chose this material for fabricating the electrolytic cell because it is so insensitive and chemically inert that it does not react with most of the liquids for detection.
As shown in the Fig. 1 (c) , the whole electrolytic cell is designed with two PDMS layers. The top layer contains a channel with an inlet and an outlet. The channel has a depth of 4mm and a diameter of 20mm. Both the inlet and the outlet have a height of 3mm. The bottom layer consists of a thin PDMS layer that functions as the bottom of the channel. Here is a brief description of the workflow. First, a model was determined and engraved by a carving machine. Secondly, the PDMS material was poured onto the model to solidify the liquid polymer. Finally, the solution was let stand until the colloid was solidified and then the solidified PDMS was removed from the model.
C. Preparation of the screen printed electrode
The surface of the screen printed electrode was kept dry before use. The deposition solution was prepared by using Ni(NO3)2. The screen printed electrode was deposited by chronopotentiometry for 600s at 0.7 mV. The prepared electrode was soaked in the deposition solution for 30s. All electrochemical experiments were conducted at room temperature.
After the modified electrode was prepared, the bare electrode and the modified electrode were placed under Scanning Electron Microscopy (SEM) for observation. Fig.  2 shown that the surface of bare electrode is relatively flat and the surface of the modified electrode has large bulges which indicated that nickel hydroxide was successfully modified on the carbon electrode. 
D. Characteristics of SPE
The electrochemical behavior of the Nickel hydroxide/SPE electrode was studied by cyclic voltammetry (CV) in 0.1M NaOH solution. In Fig. 3 From curve c, we see that the anodic and cathodic peaks are formed at a rate of 100 mV s -1 between 0 V and 0.1 V. The oxidation peak on curve c occurs due to the oxidation of Ni(II) to Ni(III) [23] ; the reduction peak in the cathode direction occurs due to the transformation of β-NiOOH to β-Ni(OH)2 [24] [25] , as shown in the following equations: 
β-Ni(OH) +OH β-NiOOH+H O+e β-NiO
Curve a shows the CV of the Nickel hydroxide modified SPE in the presence of 1mM insulin. Both the oxidation and reduction peaks can be seen clearly. An increase in oxidation peak currents is observed. This increase is driven by a process where Ni(OH)2 reacts with hydroxyl ions to form NiOOH and the NiOOH reacts with insulin to produce oxidation currents. These reactions on the electrode surface indicate the Ni(II)/Ni(III) redox couple has a strong catalytic oxidation effect on insulin [18] . An increase in reduction peak currents was also observed in the cathode direction. This increase is believed to be caused by the fact that insulin promotes the transformation of Ni(OH)2 to NiOOH in an alkaline solution. Fig. 4 (a) shows how scan rate affects the oxidation current as investigated using the CV method, in which the Nickel hydroxide/SPE electrode was immersed in 0.1 M NaOH in the presence of 1 mM insulin. The oxidation peak current increases with the increase of scan rate. This indicates that the redox reaction between Nickel hydroxide/SPE and insulin is a typical surface-controlled electrochemical process. The increase in insulin concentration also leads to increased oxidation peak current, indicating that Nickel hydroxide has productive catalytic activity for insulin. Fig. 4 (b) shows how insulin concentration affects as investigated using Amperometric i-t curves. Insulin solution was added to the whole system at 50s. As shown in Fig. 4  (b) , the current has an upward pulse at 50s. As the insulin concentration increases, so does the current value, and there is a linear relationship between the two This indicates that the Nickel hydroxide/SPE electrode is sensitive to insulin concentration and has good catalytic activity for insulin.
F. Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy (EIS) is a highly sensitive and commonly used method for electrochemical analysis. Due to its sound stability and applicability, EIS find wide applications in different electrochemical detection systems [17] .
The kinetic process of the electrode was analyzed by measuring the change in impedance with the excitation of sinusoidal wave. Fig. 5 shows the Nyquist plots of the Nickel hydroxide/SPE electrode. They were recorded after the electrode was immersed into insulin/NaOH solutions of different concentrations. The driving voltage was set as the open circuit voltage and the frequency of sinusoidal wave varied in the range of 1×10 -2 ~ 1×10 6 Hz. It can be observed that the radius decreases with the insulin concentration varying from 1 to 7 μM. 
G. Amperometry response
The behaviors of the Nickel hydroxide/SPE electrode oxidized in the insulin in 0.10 M NaOH solution were investigated using Amperometric i-t curves [18] . This i-t curve method reports a higher sensitivity than CV when the insulin concentration is low. Fig. 6 (a) shows the current response with time when the electrode is immersed insulin solutions of different concentrations. In general, the current value stays at almost constant after 10 seconds. As shown in Fig. 6 (b) , the average current value is proportional to insulin concentration when the value for R 2 is 0.9964. To further verify the practicability of our Nickel hydroxide/SPE electrode, we compared its performance with that of other types of electrodes, as shown Table 1 . Our electrode has several advantages over the other electrodes, such as a low detection limit of 93nM, a high sensitivity of 14.797 μA μM -1 and a wide dynamic range. This provides excellent prospects for the electrode's application in electrochemical detection against other indicators.
III. CONCLUSION
In this paper, we present a SPE modified by Nickel hydroxide using the chronopotentiometry method. A coin-size electrolytic cell made of PDMS was fabricated as the reaction tank. The results showed that the Nickel hydroxide coated on the electrode surface can significantly enhance the catalytic oxidation effect on insulin. This Nickel hydroxide/SPE electrode allowed us to detect insulin with a high sensitivity and a low detection limit. It has a good potential to be applied in other electrochemical sensors.
However, this work still has some limitations. Firstly, the insulin solution was prepared with alkaline, which involved a large number of impurities and could defeat our goal to obtain physiological measurements. As such, more efforts are required to prove its anti-interference performance. Secondly, it is important that we use other electrode functionalization methods such as ion implantation to improve the electrode's sensitivity and response times. Last but not least, we need to investigate how the electrode performs in detecting other types of insulin such as porcine insulin in an attempt to enhance its universal applicability.
